The first C2-selective alkynylation of indoles using the hypervalent iodine reagent triisopropylsilylethynyl-1,2-benziodoxol-3(1H)-one (TIPS-EBX) with Pd(II) as a catalyst is described. This convenient and robust method gives a single-step access to substituted alkynyl indoles with very high C2 selectivity. The reaction is orthogonal to classical Pd(0) cross-coupling reactions as it is tolerant to bromide and iodide substituents. The used silyl protecting group can be easily removed to give terminal acetylenes.
Metal-catalyzed cross-coupling reactions constitute an efficient tool for the modification of aromatic rings, 3 but the need for pre-functionalization makes this method less efficient. In comparison, C-H functionalization constitutes a more direct alternative for the introduction of various valuable functional groups. Recently, the direct functionalization of indoles has been intensively examined using metal catalysts to complement traditional Friedel-Crafts reactions. Efficient methods have been developed to introduce vinyl 4 , aryl, 5 alkyl 6 and cyano groups among others. 8 In several cases, the C2/C3 regioselectivity of these functionalizations could be controlled by the reaction conditions or using directing groups. 4, 9 Despite the important applications of acetylenes in synthetic chemistry, biochemistry, and material sciences, 10 there are only a few methods for the direct alkynylation of the indole core. 11 In 2009, Gu and Wang first introduced the C3-selective alkynylation of indoles using bromoacetylenes and a Pd catalyst.
11a C2-selective alkynylation is especially challenging and only two examples have been reported so far. Li and co-workers described an oxidative Heck-Cassar-Sonogashira type method for the alkynylation of 1, 3-dimethylindole. 11f This reaction could be applied to a broad scope of acetylenes, but only 3-methylindoles were reported. More recently, a method for the alkynylation of lithiated indoles using ethynylsulfonates as reagents was reported by Garcia Ruano and co-workers.
11g,h Depending of the sterical hinderance of the substituent on the indole nitrogen, C2 or C3 alkynylation could be obtained. Nevertheless, the requirement for a strong base such as butyl lithium limited the scope of this transformation. Consequently, the most frequently used methods to access 2-alkynylated indoles are often based on the formation of the heterocycles via cyclisation reactions. Chem. Soc. 2008 , 130, 2926 Phipps, R. J.; Grimster, N. P.; Gaunt, M. J. J. Am. Chem. Soc. 2008, 130, 8172. (h) Cornella, J.; Lu, P. F.; Larrosa, I. Org. Lett. 2009, 11, 5506. (i) Potavathri, S.; Pereira, K. C.; Gorelsky, S. I.; Pike, A.; LeBris, A. P.; DeBoef, B. J. Am. Chem. Soc. 2010, 132, 14676. (6) Jiao, L.; Bach, T. J. Am. Chem. Soc. 2011, 133, 12990 . (7 
3(1H)-one (TIPS-EBX, 2)
13 as an efficient reagent for the gold-catalyzed C3 alkynylation of indoles (Scheme 1). During our first investigation, palladium catalysts gave only traces of product, albeit with very high C2 selectivity. 11b We later demonstrated that efficient acetylene transfer with Pd catalysts was possible for the amino-and oxy-alkynylation of olefins.
14 Building upon these results, we report herein the first Pd-catalyzed C2-selective alkynylation of 3H-indoles using TIPS-EBX (2), which proceeds at room temperature under air in presence of a broad range of functional groups (Scheme 1). In contrast to Gu and Wang's work, exclusive C2-alkynylation was observed. To the best of our knowledge, our work constitutes also the first example of Pdcatalyzed direct alkynylation of a heterocycle using a hypervalent iodine reagent.
Scheme 1. Regioselective alkynylation of indoles.
During preliminary investigations on indole itself, a broad screen of Pd catalysts, solvents and reaction conditions was not successful to improve the yield beyond 20%. More promising results were obtained in the case of N-methyl indole (1a) using a dichloromethane/water mixture as solvent and three equivalents of TIPS-EBX (2) ( Table 1) . 15 In this case, the reaction did not proceed without catalyst (entry 1) or with the Pd(0) source Pd(PPh3)4 (entry 2), but Pd(II) salts such as Pd(OAc)2 and PdCl2 gave promising yields (entries 3 and 4). A further increase in yield was observed with Pd(MeCN)4(BF4)2, which has a less coordinating counteranion (entry 5). In this case, the importance of water was confirmed, as a lower yield was obtained under dry conditions (entry 6). The catalyst loading had a strong influence on the yield, with 2% being the optimal amount (entries 7-9). Further screening of catalysts did not lead to better yields and confirmed that the reaction did not proceed in the presence of phosphine ligands (entries 10-12). When the reaction was scaled up to 0.5 mmol, the (13) TIPS-EBX is commercially avaible, and easily preparable in a two step protocol from iodobenzoic acid in high yield on a 30 g scale: Brand, J. P.; Waser, J. Synthesis 2012, 44, 1155.
(14) (a) Nicolai, S.; Erard, S.; Fernandez Gonzalez, D.; Waser, J. Org. Lett. 2010, 12, 384. (b) Nicolai, S.; Piemontesi, C.; Waser, J. Angew. Chem., Int. Ed. 2011, 50, 4680. (15) A broad range of other solvents and additives were examined, but without positive effect on the reaction outcome. A steady improvement of the yield was observed with increasing amounts of TIPS-EBX (2) up to three equivalents. Other silyl substituted alkynes gave lower yields and no product was observed with aryl or alkyl substituted acetylenes. See Supporting Information for details. alkynylation product was obtained in 66% isolated yield with Pd(MeCN)4(BF4)2 (entry 13). In contrast to the work of Gu and Wang, 11a only the C2-alkynylated product was isolated from the reaction mixture. This transformation consequently was the first C2-selective direct alkynylation of 3-unsubstituted indoles. The reaction worked well with different halogens on various positions on the benzene ring (Table 2 , entries 2-7), which has two main advantages. First, halogen substituents can be used to adjust the polarity, liphophilicity and metabolic stability of dyes or pharmaceuticals. Second, halogens allow further modification using cross-coupling reactions for the elaboration of molecule libraries. These results also indicated that the reaction most likely did not proceed via a Pd(0) intermediate, as oxidative addition on the carbonhalogen bond would have been expected in this case. This is an important advantage when compared with previously published methods involving Pd(0) catalysis. Furthermore, both electron-withdrawing (entries 8-9) and electron-donating (entry 10) groups were tolerated on the benzene ring.
In general, N-alkylated indoles are very important building blocks for the synthesis of bioactive compounds, in particular for natural indole alkaloids. We consequently decided to further examine the scope of alkyl groups on the nitrogen (Table 3) . 16 Propylphenyl substituted indole 1k gave 58% yield, demonstrating that the reaction was not limited to the small methyl group (entry 1). Allyl or benzyl groups on nitrogen could present a serious issue in the presence of a palladium catalyst. Nevertheless, the alkynylation products could still be obtained in moderate yields in this case (entries 2-4). Conversely, a TIPSOethyl and a sensitive bromo ethyl groups gave good yields, opening the door for a wide range of further synthetic modifications (entries 5-6). Finally, indole 1q, bearing an acetal protected aldehyde, could also be alkynylated in 66% yield (entry 7). followed by Pd migration (path b). 5d,18 Water or waterclusters could play a key role in promoting this metallation-deprotonation step. The indole Pd complex II can then be oxidatively alkynylated by TIPS-EBX (2), to give Pd(IV) intermediate III, 19 which undergoes reductive elimination to give the product 4a and regenerate the Pd(II) catalyst. a Isolated yields, 0.5 mmol indole 1, 1.5 mmol 2, 5 mL CH2Cl2, 0.1 mL water, 10 µmol Pd(MeCN)4(BF4)2.
In conclusion, we have described the first Pd-catalyzed alkynylation of indoles proceeding with high C2 regioselectivity. The reaction is orthogonal to classical cross-coupling reactions, and has a wide range of functional group tolerance both on the indole core and the alkyl substituent on the nitrogen. The mild and neutral reaction conditions and the tolerance of the process towards air and moisture lead to a convenient method for the direct C2 alkynylation of indoles. 
General Methods
All reactions were carried out in oven dried glassware under an atmosphere of nitrogen, unless stated otherwise. For quantitative flash chromatography technical grade solvents were used. For flash chromatography for analysis, HPLC grade solvents from Sigma-Aldrich were used. THF, Et2O, CH3CN, toluene, hexane and CH2Cl2 were dried by passage over activated alumina under nitrogen atmosphere (H2O content < 10 ppm, Karl-Fischer titration). All chemicals were purchased from Acros, Aldrich, Fluka, VWR, Fluorochem, Aplichem or Merck and used without further purification, unless stated otherwise. Chromatographic purification was performed as flash chromatography using Macherey-Nagel silica 40-63, 60 Å, using the solvents indicated as eluent with 0.1-0.5 bar pressure. TLC was performed on Merck silica gel 60 F254 TLC aluminium plates and visualized with UV light and anisaldehyde stain. Melting points were measured on a calibrated Büchi B-540 melting point apparatus using open glass capillaries. 1 H-NMR spectra were recorded on a Bruker DPX-400 400 MHz spectrometer in chloroform-d and/or DMSO-d6. All signals are reported in ppm with the internal chloroform signal at 7.26 ppm or the internal DMSO signal at 2.50 ppm as standard. The data is being reported as (s = singlet, d = doublet, t = triplet, q = quadruplet, qi = quintet, m = multiplet or unresolved, br = broad signal, app = apparent, coupling constant(s) in Hz, integration, interpretation).
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C-NMR spectra were recorded with 1 Hdecoupling on a Bruker DPX-400 100 MHz spectrometer in chloroform-d and/or DMSO-d6. All signals are reported in ppm with the internal chloroform signal at 77.0 ppm or the internal DMSO signal at 39.5 ppm as standard. Infrared spectra were recorded on a JASCO FT-IR B4100 spectrophotometer with an ATR PRO410-S and a ZnSe prisma and are reported as cm -1 (w = weak, m = medium, s = strong, br = broad). Gas chromatographic and low resolution mass spectrometric measurements were performed on a Perkin-Elmer Clarus 600 gas chromatographer and mass spectrometer using a Perkin-Elmer Elite fused silica column (length: 30 m, diameter: 0.32 mm) and Helium as carrier gas. High resolution mass spectrometric measurements were performed by the mass spectrometry service of ISIC at the EPFL on a MICROMASS (ESI) Q-TOF Ultima API.
Synthesis of Reagent 1-Hydroxy-1,2-benziodoxol-3(1H)-one (6)
Caution: This reaction should be carried out behind a safety shield! Following a reported procedure 1 , NaIO4 (77.2 g, 361 mmol, 1.0 equiv) and 2-iodobenzoic acid (5) (89.5 g, 361 mmol, 1.0 equiv) were suspended in 30% (v:v) aq. AcOH (700 mL) under air in a 4-neck sulfonation flask equipped with a mechanic stirrer, a thermometer and a condenser. The mixture was vigorously stirred and refluxed for 4 h. The reaction mixture was then diluted with cold water (500 mL) and allowed to cool to room temperature, protecting it from light. After 45 min, the suspension was added to water (1.5 L) and the crude product was collected by filtration, washed on the filter with ice cold water (3 x 300 mL) and cold acetone (3 x 300 mL), and air-dried in the dark overnight to give the pure product 1-hydroxy-1,2-benziodoxol-3(1H)-one (6) 
Trimethylsilyl(triisopropylsilyl)acetylene (8)
Following a modified reported procedure 2 , a 4-neck 500 mL flask equipped with a thermometer, a dropping funnel, a magnetic stirrer and a nitrogen inlet was charged with trimethylsilylacetylene (7) (30.3 ml, 213 mmol, 1.0 equiv.) under nitrogen . THF (330 mL) was added via a dropping funnel and the solution was cooled to -78°C.
n BuLi (2.5 M in hexanes, 86 mL, 0.21 mol, 0.98 equiv) was added and the reaction mixture was stirred for 5 minutes at -78°C, then warmed to 0°C and stirred for 5 minutes.
i Pr3SiCl (45.5 mL, 213 mmol, 1 equiv) was added dropwise via a dropping funnel at -78°C. The mixture was then allowed to warm to r.t. and stirred overnight. A saturated solution of NH4Claq (300 mL) was added and the reaction was extracted with Et2O (2 x 300 mL). The organic layer was dried over MgSO4, filtered and concentrated. Distillation of the crude product (1.4 mbar, 55°C) afforded trimethylsilyl (triisopropylsilyl) acetylene (8) Triisopropyllsilyl)ethynyl]-1,2-benziodoxol-3(1H)-one (TIPS-EBX, (2) ) Caution: This reaction should be carried out behind a safety shield! 3 Following a modified reported procedure, 4 a 4-neck flat-bottom flask equipped with a thermometer, a dropping funnel, a mechanic stirrer and a nitrogen inlet was charged with 2-iodosylbenzoic acid (6) (26.4 g, 100 mmol, 1.0 equiv). The system was flushed with N2 by three vacuum/N2 cycles. Anhydrous acetonitrile (350 mL) was then canulated. The reaction mixture (white suspension) was cooled to 4°C and then trimethylsilyltriflate (20.0 mL, 110 mmol, 1.1 equiv) was added dropwise for 15 min via a dropping funnel. The dropping funnel was rinsed with anhydrous acetonitrile (10 mL). No increase of temperature was observed. The ice bath was removed and the reaction stirred for 15 min. Trimethylsilyl(triisopropylsilyl)acetylene (8) (28.0 g, 110 mmol, 1.1 equiv) was added dropwise via dropping funnel over 15 min (the colorless suspension was converted to a yellow solution). The dropping funnel was rinsed with anhydrous acetonitrile (10 mL) and the reaction was stirred for 30 min. Then pyridine (9.9 mL, 25 mmol, 1.1 equiv) was added dropwise via a dropping funnel over 5 min. After 15 min, the reaction mixture was transferred in a one-neck 1L flask and concentrated under reduced pressure until a solid was obtained. The solid was dissolved in CH2Cl2 (250 mL) and transferred in a 2 L separatory funnel. The organic layer was added and washed with 1 M HCl (150 mL) and the aqueous layer was extracted with CH2Cl2 (250 mL). The organic layers were combined, washed with a saturated solution of NaHCO3 (2x250 mL), dried over MgSO4, filtered and the solvent was evaporated under reduced pressure. The resulting solid (44.8 g) was then recristallized in CH3CN (110 mL). The colorless solid obtained over cooling down was then filtered over a Büchner funnel, washed with hexanes (2x40 mL) and dried for 1 h at 40°C at 5 mbar. TIPS-EBX (2) 4, 134.5, 132.3, 131.4, 131.4, 126.1, 115.6, 113.9, 64.7, 18.4, 11.1. 4 3 Differential scanning calorimetry showed that TIPS-EBX undergoes exothermic degradation at 187 °C. 4 Zhdankin, V. V.; Kuehl, C. J.; Krasutsky, A. P.; Bolz, J. T.; Simonsen, A. J. J. Org. Chem. 1996, 61, 6547. 7
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Synthesis of tetrakis(acetonitrile)palladium(II)tetrafluoroborate
Using a slight modification of a literature procedure, 5 a solution of palladium(II)chloride (0.80 g, 4.5 mmol, 1.0 equiv.) in anhydrous MeCN (40 mL, degassed by 3 "Freeze-Pump-Thaw" cycles) was prepared in a 250 mL 2-necked flask. Then AgBF4 (1.7 g, 9.0 mmol, 2.0 equiv.) was added as a solid. The flask was rinsed with anhydrous MeCN (24 mL). After 1.5 h, the formed yellowish precipitate was filtered under nitrogen atmosphere. The filtrate was reduced to half of its original volume under vacuum. In order to precipitate the product, anhydrous Et2O (120 mL) was canulated to the remaining solution. After filtration under nitrogen atmosphere and washing the solid with anhydrous Et2O (2 x 20 mL), the remaining solid was dried under vacuum overnight to afford Pd(MeCN)4(BF4)2 (2.1 g, 4.5 mmol, quant.) as grey solid, which was used without further purification (no difference of activity was observed compared to a recrystallized product from MeCN from another synthesis). IR 3007 (w), 2948 (w), 2352 (w), 2321 (w), 1418 (w), 1370 (w), 1287 (w), 1056 (s), 1024 (s), 964 (w), 769 (w), 623 (w). IR data corresponded to the literature values.
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Synthesis of starting materials
1-methyl-1H-indole (1a) and 6-bromo-1-methyl-1H-indole (1f) are commercially available.
General procedure for methylation of indoles:
The indole (1 equiv., 0.6 -6.4 mmol, 200 -1000 mg) was dissolved in dry THF in a 10 or 25 mL round-bottomed flask to give a 0.3 M solution. Sodium hydride (60% in mineral oil, 1.5 equiv.) was slowly added under a N2 flow at 0 °C to give a suspension. After stirring for 15 min at 0°C the reaction mixture was allowed to warm to r.t.. After 1.5 h it was cooled back to 0°C and methyl iodide (1.3 equiv.) was added. The mixture was then warmed up to r.t. and stirred overnight. After cooling back to 0°C, it was quenched with water (10 mL), extracted with Et2O (3 x 10 mL), the organic layer was dried over MgSO4, filtered and then the solvent was evaporated under reduced pressure. The residue was purified via flash column chromatography (Hex:EtOAc 1:99-20:80), and recrystallized from hexane to give the N-methylated indole.
5-Iodo-1-methyl-1H-indole (1b)
Starting from 5-iodo-1H-indole (1.00 g, 4.11 mmol), 5-iodo-1-methyl-1H-indole (1b) (0.768 g, 2.99 mmol, 73 % yield) was obtained as a white solid. Rf: 0.65 (hexanes:EtOAc 10:1). Mp: 76-78°C.
1 H NMR (400 MHz, CDCl3) δ 7.98 (s, 1 H, ArH), 7.49 (d, 1 H, J = 8.6 Hz, ArH), 7.13 (d, 1 H, J = 8.6 Hz, ArH), 7.04 (s, 1 H, ArH), 6.43 (s, 1 H, ArH), 3.80 (s, 3 H, Me). 4, 130.1, 130.0, 124.3, 123.3, 112.7, 110.7, 100.6, 33.0. IR 3101 (w) 
7-Bromo-1-methyl-1H-indole (1g)
Starting from 7-bromo-1H-indole (392 mg, 2.00 mmol), 7-bromo-1-methyl-1H-indole (1g) (385mg, 1.833 mmol, 92 % yield) was obtained as white solid. Rf: 0.80 (hexanes:EtOAc 10:1). Mp 46-48°C, Lit 52°C. 
1-Methyl-6-nitro-1H-indole (1i)
Starting from 6-nitro-1H-indole (649 mg, 4.00 mmol), 1-methyl-6-nitro-1H-indole (1i) (298 mg, 1.69 mmol, 42 % yield) was obtained as yellow needles. Rf: 0.30 (hexanes:EtOAc 10:1). Mp.: 78-80°C. Lit: 77°C. 9, 135.3, 134.6, 133.3, 120.7, 114.8, 106.4, 102.2, 33. 
5-Methoxy-1-methyl-1H-indole (1j)
Starting from 5-methoxy-1H-indole (221 mg, 1.50 mmol) 5-methoxy-1-methyl-1H-indole (104 mg, 0.645 mmol, 43 % yield) was obtained as white crystals. Rf: 0.60 (hexanes:EtOAc 10:1). Mp.: 99-102°C, Lit.: 102-103°C. Following a reported procedure, 17 in an oven-dried 10 mL round-bottomed flask 1H-indole (9) (0.644 g, 5.50 mmol, 1.1 equiv.) was dissolved in THF (5 mL) to give a colorless solution. Sodium hydride (60% in mineral oil, 0.240 g, 6.00 mmol, 1.2 equiv.) was added at 0°C and the reaction mixture was stirred for 30 min. (3-bromopropyl) benzene (10) (0.644 mL, 5.00 mmol, 1 eq.) was added dropwise. After 15 min the ice bath was removed and the reaction mixture was stirred for additional 4 hours, until there was no alkylating reagent (10) left according to TLC (Rf: 1.0, Hexanes:EtOAc 10:1) The reaction was cooled back to 0°C, quenched with water, diluted with EtOAc (10 mL), extracted with water (2 x 10 mL), washed with brine (10 mL) and dried over MgSO4. After filtration, the solvent was evaporated under reduced pressure. The crude product was purified by column chromatography (SiO2, hexane:EtOAc 1% to 10%) to give a colorless oil. This oil was then distillated (short path, Kugelrohr, 0.4 mbar, 167-173°C) to remove the 1,3-bis-alkylated indole. 1-(3-phenylpropyl)-1H-indole (1k) (0.794 g, 3.37 mmol, 68 % yield) was obtained as a colorless oil. Rf: 0.75 (hexanes:EtOAc 10:1).
1 H NMR (400 MHz, CDCl3) δ 7.87 (d, 1 H, J = 8 Hz, ArH), 7.53-7.23 (m, 9 H, ArH), 6.72 (dd, 1 H, J = 3.1, 0.8 Hz, ArH), 4.26 (t, 2 H, J = 7.1 Hz, CH2), 2.77 (t, 2 H, J = 8Hz, CH2), 2.34 (qi, 2 H, J = 7.8 Hz, -CH2-CH2-CH2-).
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C NMR (101 MHz, CDCl3) δ 141. 2, 136.2, 128.7, 128.7, 128.6, 128.0, 126.3, 121.6, 121.2, 119.5, 109.6, 101.3, 45.8, 33.2, 31.7. IR 3085 (w) 
1-Benzyl-5-methoxy-1H-indole (1l)
Following a reported method, 18 5-methoxy-1H-indole (11) (300 mg, 2.04 mmol, 1 equiv.) was dissolved in dry EtOH (17 mL), to give a pale yellow solution. KOH (143 mg, 2.60 mmol, 1.25 equiv.) was added, and the reaction mixture was stirred until the base was dissolved. The solvent was evaporated under reduced pressure. The residue was dissolved in 17 mL acetone to give an orange solution. Then benzyl-bromide (244 µl, 349 mg, 2.04 mmol, 1 equiv.) was added, while a white solid precipitated from the mixture. The reaction was stirred for 15 min, then the solid was filtered off, the liquid was concentrated, and purified by column chromatography (SiO2, 5% Et2O in pentane), to give 1-benzyl-5-methoxy-1H-indole (1l) (199 mg, 0.839 mmol, 41%) as a yellowish solid. Rf: 0.33 (5% Et2O in pentane). Mp.: 69-72 °C Lit: 66-68 °C.
19 1 H NMR (400 MHz, CDCl3) δ 7.34-7.24 (m, 3 H, ArH), 7.20-7.09 (m, 5 H, ArH), 6.85 (ddd, 1 H, J = 8.8, 2.5, 0.3 Hz, ArH), 6.49 (dd, 1 H, J = 3.1, 0.8 Hz, ArH), 5.31 (s, 2 H, Bz CH2), 3.86 (s, 3 H, OCH3).
13
C NMR (101 MHz, CDCl3) δ 154. 1, 137.6, 129.1, 128.9, 128.8, 127.6, 126.7, 112.0, 110.5, 102.6, 101.2, 55.9, 50.3. 20 
1-Benzyl-1H-indole (1m)
Following a reported method, 18 1H-indole (9) (1.17 g, 10.0 mmol, 1.00 equiv.) was dissolved in ethanol (50 mL). KOH (566 mg, 10.0 mmol, 1.00 equiv.) was added and the reaction mixture was stirred until the base dissolved. The solvent was evaporated under reduced pressure. The residue was dissolved in acetone (30 mL), and benzyl bromide was added dropwise, an exothermic reaction and precipitation was observed. After stirring for 30 minutes, the solid was filtered off. The liquid was concentrated under vacuum, and purified via column chromatography to give 1-benzyl-1H-indole (1m) (586 mg, 28% yield) as a white solid. Rf: 0.75 (hexanes: 7. 9 H, ArH), 6.59 (d, 1 H, J = 5 Hz, ArH), 5.35 (s, 2 H, Bz CH2) . 13 C NMR (101 MHz, CDCl3) δ 137.6, 136.3, 128.8, 128.3, 127.6, 126.8, 121.7, 121.0, 119.6, 109.7, 101.7, 50.1. IR 3099 (w) 
1-Allyl-1H-indole (1n)
Following a reported procedure, 23 potassium tertbutoxide (1234 mg, 11.00 mmol, 1.1 equiv.) was added to a solution of 18-crown-6 (26.4 mg, 0.100 mmol, 0.01 equiv.) in dry THF (25 mL). The mixture was stirred while 1H-indole (9) (1.17 g, 10.0 mmol, 1 equiv.) was added in a single portion. The reaction was cooled to 0 °C in an ice bath. A solution of allyl bromide (952 µl, 11.0 mmol, 1.1 equiv.) in THF (10 mL) was added dropwise to the reaction mixture. After stirring for 4 h, water (20 mL) was added to the reaction mixture, the layers were separated, and the aqueous layer was extracted with Et2O (2 x 20 mL). The combined organic layers were extracted with bringe (50 mL) and then dried over anhydrous MgSO4. The solvent was removed by evaporation under reduced pressure, and the residue was purified by column chromatography to give a mixture of 1-allylindole and 1,3-diallyl indole (1.24 g) as a colorless oil. 2, 133.6, 128.8, 127.9, 121.6, 121.1, 119.5, 117.3, 109.7, 101.5, 48.9 . NMR is corresponding to the literature data.
(2-Iodoethoxy)triisopropylsilane (13)
Following a reported procedure, 25 2-iodoethanol (12) (1.10 mL, 10.0 mmol, 1 equiv.) was added to a solution of imidazole (0.885 g, 13.0 mmol, 1.3 equiv.) in DMF (5 mL) under an atmosphere of N2. Chlorotriisopropylsilane (2.75 mL, 13.0 mmol, 1.3 equiv.) was added dropwise. After 1 h the reaction turned into a thick suspension, as a white solid precipitated. The ice bath was removed and the reaction mixture was stirred for an additional hour. Water (5 mL) was added to dissolve the solid. The organic layer was separated and washed through a SiO2 pad with pentane (100 mL). The solvent was evaporated, and the crude product was dried under vacuum to give (2-iodoethoxy)triisopropylsilane (13) (3.21 g, 9.78 mmol, 98 % yield) as a colorless liquid.
1 H NMR (400 MHz, CDCl3) δ 3.85 (t, J = 6.9 Hz, 2 H, CH2), 3.15 (t, J =7.0 Hz. 2 H, CH2), 21 H, TIPS) . 13 C NMR (101 MHz, CDCl3) δ 64.6, 18.0, 12.1, 6.9. IR 2958 (m) 1H-indole (9) (0.843 g, 7.20 mmol, 1.2 equiv.) was dissolved in N,N-dimethylformamide (6 mL) and NaH (60% in mineral oil, 0.360 g, 9.00 mmol, 1.33 equiv., 1.25 equiv. compared to indole) was added at RT under strong stirring and the reaction mixture was stirred for one hour. N,NDimethylformamide (18 mL) was added to dissolve the white precipitae and to give a greenish solution. The reaction was cooled to 0 °C and (2-iodoethoxy)triisopropylsilane (13) (1.97 g, 6.00 mmol, 1equiv.) was added dropwise. The reaction was stirred overnight and let to slowly warm up to RT. The reaction was then quenched with water (20 mL) and the reaction mixture was extracted with EtOAc (3 x 25 mL). The combined organic layers were washed with water (10 mL), brine (3x10 mL) and dried over MgSO4. The solvent was evaporated and the crude product was dried under vacuum with stirring. The crude NMR did not show the presence of the alkylating agent. TLC (10:1 hexanes: EtOAc, Rf prod.: 0.7). Purification by flash chromatography (SiO2, 1% to 10% EtOAc in hexane) gave 1-(2-((triisopropylsilyl)oxy)ethyl)-1H-indole (1o) (1.56 g, 4.91 mmol, 82 % yield) as a colorless oil, Rf: 0.65 (hexanes:EtOAc 10:1) 1 H NMR (400 MHz, CDCl3) δ 7.66 (m, 1 H, ArH), 7.38 (dd, 1 H, J = 8.2, 0.8 Hz, ArH), 7.25-7.19 (m, 2H, ArH) 7.13 (m, 1 H, ArH), 6.52 (dd, 1 H, J = 3.1, 0.8 Hz, ArH), 4.30 (t, 2 H, J = 6.0 Hz, CH2), 4.04 (t, 2 H, J = 5.8 Hz, CH2), 1.17-0.85 (m, 21 H, TIPS).
13
C NMR (101 MHz, CDCl3) δ 136. 1, 128.7, 128.6, 121.3, 120.9, 119.2, 109.3, 101.0, 62.8, 48.8, 17.9, 11.9. IR 3056 (w) 
1-(2-Bromoethyl)-1H-indole (1p)
Following a modification of a reported procedure, 26 Br2 (0.170 mL, 3.30 mmol, 1.1 equiv.) was added dropwise in 5 minutes to a solution of triphenylphosphine (866 mg, 3.30 mmol, 1.1 equiv.) in DCM (3 mL) to give a slightly brownish suspension. The reaction mixture was stirred for 15 min, then 1-(2-((triisopropylsilyl)oxy)ethyl)-1H-indole (953 mg, 3.00 mmol, 1 equiv.) was added dropwise as a solution in DCM (3 mL). After 48 h, the mixture became a pale yellow solution, and the TLC did not show any starting material. The reaction was quenched with water (10 mL), the layers were separated, and the organic layer was washed with water (2 x 10 mL) and dried over MgSO4. After filtration, the solvent was removed under reduced pressure. Purification by column chromatography (SiO2, hexane/EtOAc, 95/5 to 85/15) gave pure 1-(2-bromoethyl)-1H-indole (1p) (534 mg, 2.38 mmol, 79 % yield) as a colorless oil. Rf: 0.45 (hexanes : EtOAc 10:1). 1 H NMR (400 MHz, CDCl3) δ 7.73-7.63 (m, 1 H, ArH), 7.41-7.25 (m, 2 H, ArH), 7.23-7.15 (m, 2 H, ArH), 6.58 (dd, 1 H, J = 3.2, 0.8 Hz, ArH), 4.59-4.49 (m, 2 H, CH2), 3.72-3.62 (m, 2 H, CH2).
13
C NMR (101 MHz, CDCl3) δ 135. 7, 128.8, 127.9, 122.0, 121.3, 119.9, 108.9, 102.0, 48.0, 29. 
1-((1,3-Dioxolan-2-yl)methyl)-1H-indole (1q)
1H-indole (9) (586 mg, 5.00 mmol, 1 equiv) was dissolved in dry DMF (5 mL). The solution was then cooled to 0 °C and NaH (60% in mineral oil, 300 mg, 7.50 mmol, 1.5 equiv) was added. The reaction mixture was stirred for 1 h at RT and a white solid precipitated. Additional DMF (15 mL) was added, and 2-(bromomethyl)-1,3-dioxolane (14) (0.622 mL, 6.00 mmol, 1.2 equiv.) was added. The reaction mixture was stirred overnight at 50°C, then cooled to RT, quenched with water and extracted with EtOAc (3 x 25 mL). The combined organic layers were washed with water (25 mL), then brine (2x25 mL), dried over MgSO4 and the solvent was evaporated to give a brownish crude oil. Purification by column chromatography (SiO2, hexane/EtOAc 95/5 to 80/20) gave 1-((1,3-dioxolan-2-yl)methyl)-1H-indole (1q) (680 mg, 3.35 mmol, 67 % yield) as colorless oil. Rf: 0.2 (hexanes:EtOAc 10:1) 1 H NMR (400 MHz, CDCl3) δ 7.68 (d, 1 H, J = 7.9 Hz, ArH), 7.49 (d, 1 H, J = 8.3 Hz, ArH), 7.32-7.07 (m, 3 H, ArH), 6.58 (d, 1 H, J = 3.1 Hz, ArH), 5.27 (t, 1 H, J = 3.4 Hz, CH2-CH), 4.37-4.24 (m, 2 H, N-CH2), 3.81 (m, 4 H, CH2-CH2).
13
C NMR (101 MHz, CDCl3) δ 136. 8, 129.0, 128.5, 121.6, 120.8, 119.5, 109.8, 102.5, 101.7, 65.3, 49. 
Optimization of the alkynylation reaction With isolated yields
The optimization was carried out as following: TIPS EBX (2) was suspended/dissolved in the solvent, 1-methyl-1H-indole (1a) (25 µl, 26 mg, 0.20 mmol, 1 equiv.) was added via a Hamilton syringe, then the additive was added, followed by the catalyst. The reaction was stirred overnight, the solvent was evaporated, the residue was taken up in EtOAc (10 mL), washed with 0.1 M NaOH (10 mL), saturated NaHCO3 (2 x10 mL) and brine (10 mL), and dried over MgSO4. After filtration, the solvent was evaporated under reduced pressure, and purified via column chromatography.
With GC yield
The optimization was carried out as following: TIPS EBX (2) was suspended/dissolved in the solvent, 1-methyl-1H-indole (1a) (25 µl, 26 mg, 0.20 mmol, 1 equiv.) was added via a Hamilton syringe, then the additive was added, followed by the catalyst. The reaction was stirred overnight. Then 10 µl dodecanitrile was added via a Hamilton syringe. The mixture was homogenized then¸ ca. 100 µl were transferred to a vial of 1 mL DCM. The GC yield was determined by the following calibration curve, using the ratio of the area of the product peak and the standard peak of the FID detector. General procedure for C2 selective alkynylation of indoles.
In a 10 mL round bottom-flask, the corresponding indole (0.500 mmol, 1.0 equiv.) and 1-[(triisopropylsilyl)ethynyl]-1,2-benziodoxol-3(1H)-one (TIPS-EBX, 2) (643 mg, 1.50 mmol, 3 equiv.) were dissolved in DCM (5 mL) under air, then water was added (0.10 mL). Lastly Pd(MeCN)4(BF4)2 (4.4 mg, 10 µmol, 2%) was added with strong stirring. The flask was closed and the reaction mixture was stirred overnight (the reaction is generally completed after 4-6 h), when it became brownish. The solvent was evaporated under reduced pressure. EtOAc (25 mL) was added to the crude product, and the solution was washed with NaOHaq (0.1 M, 25 mL), conc. NaHCO3 (2 x 25 mL) and brine (25 mL). The organic layer was dried over MgSO4, filtered and
